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ABSTRACT 
This is a report of the work accomplished and results obtained under a 2-year contract. The 
primary objective of the Wasatch Weather Modification Project is to assess the effectiveness of 
selected procedures for increasing the water supply in the Wasatch Mountains by cloud seeding. As 
part of this overall objective, an airborne seeding experiment has been conducted for two winter 
seasons. Preliminary results of this experiment indicate a positive seeding effect within and on the 
periphery of the designated target area. A summary of project designs, procedures, and problems 
encountered is also included. Data processing, editing, analysis and display procedures, and com-
puter programs are described. Hydrologic and climatological support studies are described and 
results presented. 
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precipitation upon the resultant snowmelt and streamflow 
volumes. 
The watershed chosen for study was the 163 square 
mile drainage of the Weber River above Oakley. Slope, 
elevation, aspect, etc., were taken from topographic maps, 
while vegetation data were taken from Forest Service tim-
ber survey maps. Precipitation had to be transferred from 
adjacent gages and corrected for elevation by lapse meth-
ods. Temperature was used to delineate whether precipita-
tion was rain or snow. Precipitation was computed by the 
method of the Utah Office of NOAA. All models were 
synthesized on the Utah State University hybrid com-
puter. 
The initial model was applied to the total watershed 
to evaluate the parameters. These parameter values were 
subsequently used on each of the 14 subzones comprising 
the total watershed. 
Model verification was accomplished by first op-
timizing the parameter values from the model of the total 
watershed. Then, using these values on thirteen of the 
subareas combined and the fourteenth individually, two 
hydro graphs were obtained. These hydrographs were 
added, while adjusting the parameters, until the sum of 
the individual hydro graphs for all subareas equaled the 
hydrograph of the total area. The results of the model 
appear to be very promising. 
If a 10 percent overall increase in precipitation for 
the area is distributed over the north facing slopes by 
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cloud seeding, a 20 percent greater water yield results 
than if the same water was added uniformly to the total 
watershed. 
4. Hydrologic target potential 
The objective of this study is to develop an objec-
tive method for denoting the potential for increased run-
off from a unit increase in precipitation, and to map the 
Wasatch-Uinta area according to this hydrologic target 
potential. 
To accomplish these objectives the runoffs in inches 
for all gaged watersheds were plotted on a large scale 
October to May isohyetal map. From the mean watershed 
rainfall and runoff, runoff rainfall ratios were determined. 
Furthermore, a relation between area and the runoff rain-
fall ratio was developed in order to project the ratios into 
ungaged areas. Ratio values below 0.20 were designated 
low potential, 0.21 to 0.50 moderate potential, 0.51 to 
1.00 good potential, and 1.01 and greater excellent poten-
tial. 
The map constructed using the above criteria 
showed 7 percent of the area had excellent potential, 12 
percent had good potential, and low and moderate poten-
tials were about equally divided at about 13 percent each. 
The balance of the area is occupied by water and could 
not be computed. Three economic factors are now being 
incorporated into the above model. These include the sale 
price of water by water companies, and the relative values 
for power and recreation. 
II. INTRODUCTION 
The Utah Water Research Laboratory (UWRL) be-
gan active work on weather modification in March 1965 
with financial support from the Office of Atmospheric 
Water Resources, U.S. Bureau of Reclamation. Early work 
included reviews of the state-of-the-science regarding seed-
ing agents and the reliability of precipitation measurement 
systems. Considerable literature on weather modification 
in general, including topics such as orographic precipita-
tion, telemetering systems, statistical techniques, cloud 
seeding procedures, detection of silver in precipitation, 
inadvertent cloud seeding by air pollution, ice-forming 
nuclei counting, weather instrumentation, radar meteorol-
ogy, was also reviewed. 
From the beginning of the project it was the inten-
tion to develop a capability for cloud seeding evaluation 
based upon data to be collected by the Utah State 
University-developed telemetering precipitation network. 
Although nearly the same telemetering system had been 
designed and partially field tested, the design, fabrication, 
and field check-out of the specific system for the project 
had not been accomplished. Considerable attention was 
given to perfecting the telemetry network and its accom-
panying readout system. A rather unique tracking filter 
was developed which made possible the detection of weak 
signals, thereby greatly decreasing power requirements for 
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transmission. The design of a programmable readout unit 
to operate automatically, reliably, and continuously was a 
significant accomplishment. The design philosophy of 
keeping field units as simple as possible, and having the 
electronic sophistication and digitization located at the 
readout unit resulted in the development of a reliable tele-
metering precipitation network. 
An airborne seeding experiment was initiated for 
the 1969-70 winter season with Atmospherics, Inc. acting 
as subcontractor. This experiment was continued nearly 
unaltered during the 1970-71 winter season. In addition a 
limited ground-based seeding experiment was performed 
during the 1969-71 period using a remote controlled seed-
ing generator atop Willard Peak. 
The contents of this final report include a descrip-
tion of work accomplished, results obtained, and prob-
lems encountered during the period July 1, 1969, to June 
15, 1971, or during the time period covered by Contract 
No. 14-06-D-6820. The brief period between the end of 
the data collection phase and the due date of this final 
report did not allow a comprehensive and detailed evalua-
tion of the airborne experiment to be included. However, 
a preliminary description of results is included. 

III. EXPERIMENTAL OBSERVATIONAL NETWORK 
AND DATA ACQUISITION 
A. Telemetering Precipitation 
Measurement System 
The heart of the project's cloud seeding evaluation 
program is its network of telemetering precipitation gages 
which is adapted to a sensor-transducer system. The de-
sign and fabrication of the translator and the automatic 
readout console, and the field installations of the transla-
tor, cable, and remote stations have all been previously 
accomplished by project personnel. In the installation of 
the remote stations, the project had the active coopera-
tion of the U.S. SoiJ Conservation Service and the U.S. 
Forest Service in site authorizations. 
The bulk of the project's effort prior to FY'69 went 
toward the development of this network. The system 
attained real operational status in FY'70 and subsequently 
has provided data for determining time and space precipi-
tation patterns for seeded and non-seeded precipitation 
episodes. 
The telemetering precipitation measurement system 
is made up of the following four major components. 
(1) The automatic readout console (ARC) 
located at the Utah Water Research Laboratory (Figure 
1). 
(2) The cable that carries the signals between 
the automatic readout console and the Mt. Logan transla-
tor. There are 27 quarter-mile sections in each of two, 
four-wire cables. The second cable provides a backup in 
the event the first cable fails. An electronic backup in the 
unlikely event that both cables fail is also being added. 
(3) The Mt. Logan translator which relays the 
information from the automatic readout console to the 
remote telemetering stations and vice versa. 
(4) The remote telemetering stations are essen-
tially the same except that 70 inch capacity cans are used 
at some sites and 36 inch capacity cans at others. Figure 2 
shows a representative installation. Each installation in-
cludes: 
(a) The support assembly on which the precipi-
tation collection weighing system is mounted. 
(b) A standard can-type precipitation collec-
tor, either 70 inch or 36 inch capacity with an 8 inch 
orifice in which the precipitation is accumulated. These 
cans aU have Alter wind shields. 
Figure 1. A front view of the Terminal Readout Station. 
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Figure 2. A representative 70" capacity station is being inspected by Veri Bindrup and Ed Harrel-
son, field technicians. This station is at Klondike Narrows, just south of the Utah-Idaho 
border. (Bureau of Reclamation photo by Mel Davis.) 
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( 
(.8 
Snow chemistry sampling sites - 1970-7] . 
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lieved that the concept is sound and usage will increase 
considerably in the future. 
3. Aircraft reports 
Reports of icing, turbulence, cloud layers and geo-
metry, upper winds and vertical temperature distributions 
were solicited from the seeding aircraft. These reports pro-
vide detailed meteorolOgical information otherwise diffi-
cult to obtain. 
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4. Aviation weather broadcasts 
Aviation weather forecasts and observations were 
monitored on the long-wave band to provide up-to-date 
weather information and hourly surface maps. This moni-
toring system essentially replaced "Service A Teletype." 
This means of providing weather data was not entirely 
satisfactory since it required considerable time to obtain, 
and if personnel are not available, no permanent record of 
the data is obtained. 

IV. DATA PREPARATION AND ANALYSIS SYSTEM 
The ultimate objectives of these activities are to: 
(1) Provide estimates of the results of cloud 
seeding activities. 
(2) Provide information which will lead to 
more efficient methods of cloud seeding for the produc-
tion of usable precipitation. 
(3) Provide information which will be needed 
for the design of operational weather modification pro-
grams in this area. 
The experimental design calls for the evaluation of 
seeding activities through the analysis of time and space 
precipitation patterns, based primarily on data from the 
USU telemetering precipitation measurement network. 
Precipitation measurements from the present system aver-
age over 50,000 data points each year. A limited amount 
of other standard type precipitation observations from 
stations operated by NOAA, SCS, and the Forest Service 
are also available. 
If seeding is accomplished under a variety of meteo-
rological conditions, the resultant seeding effect can be 
expected to vary. Under some conditions the seeding may 
produce large precipitation increases and under other con-
ditions seeding may substantially suppress precipitation. 
Consequently, stratification of operational events in terms 
of concurrent meteorological conditions is desirable for 
the recognition of favorable seeding conditions. 
In order to reduce, process, analyze, and display 
these large quantities of precipitation and meteorological 
support data, a routine procedure for data processing and 
preparation was developed. It was intended that a port-
folio of processed and prepared data be available within a 
few days of an operational event. The ultimate goal is to 
develop a procedure by which computers completely pre-
pare all telemetered precipitation data and most con-
current meteorological support data on a near real-time 
basis. This will enable the project to: (1) run a daily qual-
ity control check on the telemetry system, (2) provide a 
basis for better physical evaluation of experiments, and 
(3) review results on a current basis. 
The basic steps in this computerized data prepara-
tion are discussed as follows. 
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A. Telemetered Precipitation Data 
1. Station calibration curves (electromagnetic 
periods to precipitation values) 
The telemetered precipitation data are registered by 
the automatic readout console (ARC) in terms of elec-
tromagnetic periods. These are converted to precipitation 
values using a different calibration curve for each station 
and season. A computer program which changes the cali-
bration data obtained in the field into a form more readily 
usable for the conversion of ARC readout to precipitation 
values was prepared. Separate programs for converting 
reported electromagnetic periods to precipitation values 
using the EAI 640 and IBM 360 computers are available. 
Figure 7 is a sample EAI 640 printout. 
2. Telemetered precipitation data editing 
Considerable effort has gone into assessing and im-
proving the quality of the telemetered precipitation data. 
There have been two general approaches. The first of 
these approaches is rational adjustment through examina-
tion of the precipitation graphs for each time period and 
station. The second is the application of objective com-
puterized rules. An effort has been made also to perform 
an error analysis, using statistical techniques. 
a. Rational adjustment of precipitation 
vs. time graphs 
The graphs for the 1968-69 season and the first six 
events of the 1969-70 season were hand plotted. It be-
came obvious that some of the points on these graphs 
were too unreasonable to be of any value in the deter-
mination of the time progression of precipitation. These 
"outliers" were immediately eliminated from the sample 
prior to further examination of the precipitation data. 
In other cases the indicated accumulation of precipi-
tation with time was obviously somewhat in error. How-
ever, it was not so obvious which points were erroneous 
and should be eliminated or adjusted. For these cases the 
selection procedure considered factors which could con-
tribute to recorded departures from true precipitation 
amounts. Possible contributing factors include: wind 
forces; temperature effects; snow, rain, or rime icing 
temporarily sticking to the outsides of the collection cans; 
STATION 6801 PARADISE CANYON-CAN 
UNITS IN INCHES ZERO PCPTN ON 09-14-70 
1971 PRECIPITATION DATA FROM UWRL RADIO TELEMETRY NETWORK 
DAY HOUR MIN UNITS CHANGE SUM CHANGE 
15 18 7 25.75 .00 ,00 
15 18 34 2~.7~ ~00 .00 
15 19 ~ 25.75 .00 .~0 
1~ 1; 30 2~.7e -.01 -.01 
15 19 ~7 25,75 .00 -.00 
15 20 25 25,75 .~0 .00 
15 20 50 25,75 -.00 -.00 
15 21 15 25.76 ,01 .01 
15 21 ~0 2e.74 -,01 -,01 
15 22 12 25.75 .01 .01 
15 1~ 0 26,11 .34 .35 
15 15 57 26,11 .00 .3~ 
16 15 55 25,10 -,01 ,34 
15 17 52 25.09 -.01 .~3 
15 18 52 26.13 .~3 ,37 
15 19 49 25.15 .~2 .39 
15 20 47 26.20 ,05 ,45 
lB 21 45 26.29 .08 .e3 
17 15 2 27.21 .91 1,45 
17 15 2 27.21 .01 1.46 
17 17 ~ 27,25 ,03 1.50 
17 18 ~ 27.27 ,01 1.51 
17 18 57 27.28 .01 1.53 
20 9 10 2a.~1 .73 2.26 
20 9 2Q 28,02 .01 2.26 
20 9 51 28,06 .03 2.3~ 
21 10 21 28.07 .01 2.32 
23 15 39 28.55 ,47 2.7g 
23 15 30 28.58 .03 2.82 
Figure 7. Sample printout of telemetered precipitation conversion from electromagnetic periods 
to inches of precipitation. This program is used on an EAI 640 hybrid computer. 
PERIOD 
62185. 
62185. 
62185. 
62180. 
62183. 
62186. 
62184. 
62192. 
62179. 
62192. 
62455. 
62456. 
52447. 
62442. 
62458. 
62484. 
52527. 
62593. 
632g~, 
63297. 
63327. 
63~40. 
63350. 
63909. 
63915, 
63g41. 
63955. 
64307. 
64331d. 
evaporation; wrong station parameter reporting; radio 
interference; guide-can friction; and support spring fa-
tigue. Using available rawinsonde data and operational 
logs, the analyst judged the pertinent factors and adjusted 
the graphs accordingly. Precipitation values were then 
read from the adjusted graphs after this manual editing. 
the same graph with the original data. Figure 9 is a typical 
example of the results. This data editing program and its 
output are discussed more fully in a technical report now 
in preparation, and in an article of the Journal of Weather 
Modification (Reynolds and Campbell, 1971). Since this 
program seems to work so well, the much slower and 
more costly manual procedure has been dropped. 
b. Computerized data editing 
The thought processes, procedures, and methods 
applied in the rational adjustment of the precipitation 
graphs were examined. A computer program intended to 
produce essentially the same results was then written. 
Figure 8 is a sample output from this program. 
As a check on this procedure, half-hourly precipita-
tion values extracted from the edited data were plotted on 
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c. Precipitation amounts for selected periods 
A computer program that totals precipitation 
amounts for periods of selected lengths for each station 
was written. The deviation of each station's total from the 
areal mean for the same time period is then computed and 
both the station total and the deviation are printed for 
each station. 
STATION 801 
POINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
UNEDITED DATA 
DAY PCPTN CHANGF. 
46.303 10.30 0.0 
46.317 10.30 0.0 
46.336 10.30 0.0 
46.359 10.30 0.0 
46.379 10.30 0.0 
46.400 10.31 0.01 
46.43q 10.32 0.01 
46.460 10.32 0.0 
46.481 10.35 0.03 
46.503 10.38 0.03 
46.524 10.38 0.0 
46.544 10.38 0.0 
46.565 10.38 0.0 
46.586 10.39 0.01 
46.606 10.39 0.0 
46.671 10.39 0.0 
46.687 10.40 0.01 
46.728 10.43 0.03 
46.748 10.44 0.01 
46.768 10.44 0.0 
46.789 10.43 -0.01 
46.820 10.43 0.0 
46.860 10.43 0.0 
EDITED DATA 
DAY 
46.303 
46.311 
46.336 
46.359 
46.379 
46.400 
46.439 
46.460 
46.481 
46.503 
46.524 
46.544 
46.565 
46.586 
46.606 
46.671 
46.687 
46.728 
46.748 
46.168 
46.789 
46.820 
46.860 
PCPTN 
10.30 
10.30 
10.30 
10.30 
10.30 
10.31 
10.32 
10.32 
10.35 
10.38 
10.38 
10.38 
10.38 
10.39 
10.39 
10.39 
10.40 
10.43 
10.43 
10.43 
10.43 
10.43 
10.43 
CHANGE 
0.0 
0.0 
C.O 
0.0 
It.O 
0.01 
C.01 
0.0 
C.03 
0.03 
0.0 
0.0 
0.0 
0.01 
0.0 
0.0 
C.Ol 
0.03 
0.0 
0.0 
0.0 
0.0 
0.0 
********************************************************************** 
HALF HOURLY PRECIPITATION DATA FOR STATION 801 
ACCOUNTING DATA FOR STATION 801 
23 POINTS ENTERED 
o POINTS ADJUSTED FOR OVERSHOOT 
2 POINTS ADJUSTED FOR NOISE 
o OUTLIERS REJECTED 
o NOISE POINTS REJECTED 
21 ORIGINAL DATA POINTS LEFT UNTOUCHED 
23 POINTS ACCEPTED 
o POINTS REJECTED 
100 PERCENT OF TOTAL POI~TS INPUT WERE ACCEPTED 
80171 215 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 3 3 2 7301200 17A 1 
80111 215 0 0 0 1 0 0 0 0 1 2 1 0 0 COO 0 0 0 0 0 0 0 0 2 12302100 17A 2 
********************************************************************** 
Figure 8. Computer output of a single data set processed by the data quality check and edit 
program. Both the original and final data sets are shown with a tabulation of the data 
quality parameters and half-hourly precipitation values for that day. 
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Figure 9. Plot of original (dashed line) and final (solid line) data sets as processed by the quality 
check and edit routine for gage 801. (Data are listed in Figure 8.) 
d. Changes in precipitation rate 
Histograms of hourly precipitation amounts are a 
very convenient tool for judging the reasonableness of the 
data. It is also helpful in the evaluation of cloud seeding 
effectiveness to recognize the times of precipitation initia-
tion, and the increases and decreases in precipitation rates. 
Consequently, a computer program which plots histo-
grams of hourly precipitation amounts has been prepared. 
These histograms are completed separately for each sta-
tion and for precipitation averaged over the entire experi-
mental area (Figure 10). 
Another program plots histograms of precipitation 
amounts for over-lapping periods of any number of whole 
hours specified. 
e. Areal precipitation pattern analysis 
A program which plots precipitation for specified 
periods in map form was written (Figure 11). 
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f Mapping subroutine 
A subroutine which will print any selected values in 
the proper place on a map of the target area has also been 
completed. 
g. On-line printer plot of precipitation vs. time 
This graphing program (Figure 12) was written to 
provide a quick, inexpensive check on the internal com-
patibility of the telemetered data. Its purpose is to point 
out, on a current basis, erratic stations in need of atten-
tion. 
h. Hybrid (EAl 640) plot of precipitation vs. time 
This program (Figure 13) provides for plotting 
precipitation against time on precisely scaled graph paper. 
A linear relationship between successive points is assumed. 
EXPERIMENTA~ PERIOD 11A 1500 HOURS MST JAN, 12,1971 SEEDED FIRST HALF 
HOURLV P~ECIPITATIO~ HISTOGRAM FOR STATION 5004 DRV BREAD POND 
DATE RUN 03-12-71 
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Figure 10. Hours of the storm vs. non-cumulative precipitation. 
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i Halfhour listing 
In order to spot check the reliability of the edited 
data before it is used in other programs and to provide a 
preliminary estimate of seeding effectiveness, a program 
was developed which extracts and lists half-hourly precipi-
tation amounts for each station (Figure 14). It also pro-
vides 4-hour precipitation totals for the non-seeded and 
seeded portions of an 8-hour operational event, also for 
8-hour periods beginning one and two hours respectively, 
after the beginning of the designated operational event. 
Both the half-hourly amounts and the 4-hourly totals are 
provided on punched cards as well as listed. The one and 
two-hour lags in computing precipitation amounts are an 
attempt to investigate possible elapsed times between 
seeding delivery and the appearance of precipitation in-
creases downstream over the experimental area. 
j. Evaluation model 
A simple model has been programmed which 
attempts to define and delineate a probable target area 
22 
and the elapsed time for the microphysical processes to 
transpire from seeding source to ground interception of 
precipitation particles. This model should aid in a deter-
mination of whether it is reasonable to assume that a 
particular measurement station was within the target area 
during the time designated as a seeded period. 
k. Statistical evaluations 
A program was written which provides seeded to 
non-seeded ratios for all telemetry stations within speci-
fied stratifications. Another program computes the test 
statistic for the Wilcoxon Matched-Pairs Signed Ranks test 
for two related samples. 
l Rawinsonde data conversion 
A program was prepared which converts raw 
rawinsonde data into the standard meteorological para-
meters. This program is currently in use on the BOR time 
share facility. 
A modified version of the Peterman vertical-time 
cross-section program for plotting temperature, dew 
point, potential temperature, equivalent potential temper-
ature, dew point depression, specific humidity, relative 
humidity, moist potential temperature, and wet bulb 
potential temperature has been prepared. 
cloud base and top, convective stability, trends in static 
stability, cloud top temperature, mean equivalent poten-
tial temperature in the cloud layer, precipitable water, and 
temperature advection through analysis of on-site 
rawinsondes. 
A program for computing and listing meteorological 
parameters related to weather modification potential was 
written and is in use (Figure 15). This program delineates 
Another vertical-time cross-section analysis plotting 
program in which the temperature, height of pressure sur-
faces, relative humidity, and equivalent potential tempera-
ture are printed in a station model around a single point 
has been prepared and is in use (Figure 16). 
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where the bar signifies an average over the cloud segment 
and the capitalized letters indicate quantities per unit vol-
ume. 
Equations 14 and 15 demonstrate the possible 
effects of seeding supercooled orographic cloud systems. 
In Equation 14 it is seen that the precipitation rate can be 
augmented by increasing the rate of ice growth in the 
cloud system, or Nc(dm/dt), providing that the loss due 
to ice crystal evaporation does not increase correspond-
ingly (this would happen in the case of overseeding). How-
ever, Nc(dm/dt) cannot exceed the rate at which vapor is 
supplied to the cloud system, or-wp(dqs /dp). It is, there-
fore, possible, under a certain set of meteorological condi-
tions, that the vapor supply is efficiently converted to ice 
growth, and snowfall augmentation is not possible. On the 
other hand, under those meteorological conditions where 
the rate of ice growth, N c(dm/dt) is less than the vapor 
supply rate-wp(~s/dP), it is possible that a potential for 
snowfall augmentation exists. 
Variation with temperature of the rate of ice growth 
in the cloud system Nc(dm/dt), is mainly controlled by 
the ice crystal concentration term. Further, the effective-
ness of primary ice nuclei in initiating ice crystal embryos 
controls the ice crystal concentrations in the cloud system 
in the absence of substantial ice crystal multiplication pro-
cesses. Since the concentration of effective primary ice 
nuclei is crudely an inverse exponential function of temp-
erature (tenfold increase for every 4 C or 5 C decrease in 
temperature), cloud system temperature appears to largely 
control the availability of weather modification potential. 
If artificial ice nuclei, more effective at warmer cloud 
temperatures than natural ice nuclei, are introduced into 
the cloud upwind of the mountain barrier, increased 
snowfall should result for these warmer cloud systems. 
The modification potential associated with these 
microphysical processes is usually designated the "static 
modification potential" (SMP). However, it is possible 
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under certain conditions that seeding may alter buoyancy 
effects within the cloud by changing the latent heat re-
lease in ascending parcels. In turn, this might warm the 
cloud system, increase cloud tops or alter the vertical 
motion field over the orographic barrier. The overall result 
could be to change the rate of vapor supply or cloud 
geometry during seeded conditions. The modification 
potential associated with these particular dynamic effects 
is called the "dynamic modification potential" (DMP). 
A goal for seeding cold orographic clouds, therefore, 
is to introduce artificial ice nuclei into those cloud sys-
tems, whose natural supply of ice crystals is insufficient to 
convert the liquid water forming in the cloud system to 
ice form at the same rate. This equality can be expressed 
using only the mean terms arising from the averaging pro-
cedure by 
N dm 
c dt 
aq 
-- s 
- wp-Clp .... (16) 
and solving for the ice crystal concentration, 
N 
c 
/ dm dt ......... (17) 
Use of the mean terms only, that arise from the 
averaging procedure, has been shown by Chappell (1970) 
to describe the cloud processes adequately as a first ap-
proximation. 
Assuming a one-to-one correspondence between ice 
nuclei and ice crystal concentrations, the concentration of 
ice nuclei needed to make the ice process efficient within 
the cloud system can be computed from Equation 17. 
The concepts and theory outlined in this section 
provide a physical foundation for supercooled orographic 
cloud seeding and numerous hypotheses to be tested by 
field experimentation. 

VI. PROGRAM DESIGNS 
The major thrust of the Wasatch Weather Modifica-
tion Project during the two winter seasons of 1969-71 was 
to determine the feasibility and evaluate the effectiveness 
of an airborne seeding program. In addition, seeding was 
conducted on occasion using a ground-based seeder atop 
Willard Peak. These program designs are discussed as fol-
lows. 
A. Airborne Seeding Program 
1. Aircraft capability 
The airborne seeding component of the Wasatch 
Wea ther Modification Project was subcontracted to 
Atmospherics, Inc. 
The aircraft supplied to the project was a turbo-
charged Piper Aztec "C" (NI78A) shown in Figure 18. 
This aircraft is fully licensed for IFR (instrument flight 
rules) flights and equipped with deicing systems on pro-
pellers, wings, and tail surfaces. General instrumentation 
and miscellaneous equipment includes: 
2 - Mark XII 360 channel nav com systems 
1 - Bendix ADF system 
2 - Omni systems 
1 - A TC L-band transponder 
1 - DME system (distance measuring equipment) 
1 - IVSI (instantaneous vertical speed indicator) 
1 - 3-light marker beacon system 
1 - Altimatic auto pilot 
1 - Oxygen system (6-place) 
1 - Dual strobe light system 
1 - Motorola transceiver ( 151.625 MHz) 
1 - Emergency radio signal unit 
In addition to the previous systems, the aircraft is 
equipped with the following: 
Gardner condensation nuclei counter 
Portable freezing nuclei detectors 
Rosemount temperature probe and digital readout 
Johnson-Williams LWC system 
Pyrotechnic dispensing racks 
Pyrotechnic ignition control system 
Concord voice actuated tape recorder 
Camera systems 
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The aircraft was permanently stationed at the 
Ogden Municipal Airport during the four-month opera-
tional periods. It was available for operations on a 24-hour 
basis. The decision to base the aircraft at Ogden was 
based, in part, on considerations of air traffic control cen-
ters at Salt Lake City and Hill Air Force Base, flight safety 
r e qui rem e nts, aircraft service facilities, position of 
VORTAC installations in relation to proposed seeding 
flight paths, relationship between proposed radar facilities 
and aircraft flight operations, and the climatology at air-
fields throughout the Salt Lake Valley. 
In view of the high density aircraft traffic that exists 
in the area of the seeding tracks, it was necessary in the 
initial stages of project development to contact the Fed-
eral Aviation Agency in Salt Lake City and Hill Air Force 
Base near Ogden, in order to organize the flight activities 
in this area. It is always advisable and often necessary to 
discuss program design and operations with all agencies of 
interest. In order to maintain a smooth working relation-
ship with Salt Lake Center and Hill RAPCON, a number 
of programmed flight plans and operational maps were 
presented to these control agencies. 
Inasmuch as the major portion of air space is under 
the jurisdiction of Approach and Departure Control at 
Hill Air Force Base, a letter of procedures was issued and 
these instructions became the actual working arrangement 
for all seeding flights. However, since the seeding tracks 
were in Federal Aviation Agency controlled air space, 
restrictions were placed on the minimum seeding altitudes 
under Instrument Flight Rules (IFR). 
Installed on the aircraft are mounting racks of 
special design for holding a variety of pyrotechnic seeding 
devices. On this particular aircraft, two racks are mounted 
vertically on the side of a fuselage. These are used pri-
marily for holding and burning pyrotechnics which do not 
produce large quantities of corrosive by-products believed 
to react with the aircraft skin. Two additional racks are 
installed in the airstream immediately aft of the flaps and 
outboard of the engine nacelles (Figure 19). These are 
used for higher output pyrotechnics which may produce 
corrosive material or heat problems in the first few inches 
downwind from the end-burning units. Output concentra-
tions of all chemical constituents are such that turbulent 
mixing a few feet behind the aircraft provides a dilution 
below any level which might affect materials or life forms. 
W 
N 
Figure 18. Turbocharged Piper Aztec'"C" was used as the seeding and nuclei measurement aircraft during the operational period. ThIs ship has 
an altitutde capability of 30,000 feet msl and is equipped with complete deicing units. Pyrotechnic seeding devices are mounted on 
the trailing edges of the wings and along the fuselage. 
tJ..) 
tJ..) 
Figure 19. Silver iodide nuclei are generated from pyrotechnic units mounted on the trailing edges of aircraft wings. A wide range of nuclei 
output is available from these units. The devices are ignited electrically from inside the aircraft cabin and can be burned as single 
units or in any multiple. 
2. Seeding tracks 
The selection of seeding tracks was based mainly on 
combinations of wind speed and direction at seeding level. 
Careful thought was given to safety considerations, FAA 
regulations, terrain features, commercial aircraft traffic, 
location of primary and alternate airfields, radar field 
headquarters, location of USU telemetry system stations, 
storm types within the total operational area, and credi-
bility of the total program. 
The seeding track designations A 1 through C5 , re-
lated to various wind speeds and directions, are shown in 
Table 2. If there are major changes in wind speed and 
direction during any seeding period, these aircraft tracks 
may be altered to fit the changing weather conditions. It 
is of primary importance to maintain a seeding track 
which provides the maximum possibility of producing a 
seeding effect within the fixed target area. 
The aircraft coordinates and headings for the vari-
ous seeding tracks are shown in Table 3. All locations are 
referenced from Ogden (OGD) VORTAC. Secondary 
references have been plotted from Salt Lake City (SLC) 
VORTAC but are not included here. These references 
were used for backup capability during dual omni opera-
tions. Malad City (MLD) VORTAC is also available for 
reference at the northern end of the seeding tracks. Seed-
ing in a southbound direction is accomplished along the 
same paths with reciprocal heading. Seeding track charts 
with appropriate flight information are depicted in Fig-
ures 20,21, and 22. 
3. Criteria for operations 
During the first year of the airborne seeding project 
a number of criteria were established to identify an opera-
tional period. These criteria were: 
(1) The cloud cover shall be not less than 8/10ths. 
(2) Cloud bases shall be not less than 5500 ft msl. 
(3) Cloud depth shall be not less than 3500 ft. 
(4) Ambient air temperature at the cloud base 
shall not be warmer than -5 C. 
(5) Ambient air temperature at the cloud top 
shall not be colder than -22 C. 
(6) The wind direction at seeding level shall be 
within the interval from 197 degrees to 317 
degrees. 
(7) Conditions 1 through 5 shall be forecast to 
persist for not less than 8 consecutive hours. 
In reviewing the results of the first year, it was 
found that the above criteria were overly restrictive, some-
what arbitrary and a few were difficult to observe as well 
as forecast. These criteria were somewhat simplified for 
the 1970-71 winter season to: 
(1) Cloud bases shall be no higher than 12,000 ft 
ms!. 
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(2) Total cloud depth shall be at least 100 mb 
thick. 
(3) 700 mb temperature shall be -1 C or colder. 
(4) The cloud cover shall be not less than 8/l0ths 
as viewed from Logan. 
(5) 700 mb wind direction shall be within the in-
terval from 197 degrees to 317 degrees. 
(6) Conditions 1 through 5 shall be forecast to 
persist for not less than 8 consecutive hours. 
4. Airborne seeding target area 
The nearly 10,000 square mile area encompassing 
the UWRL telemetering stations is too large for airborne 
seeding of winter storms by a single aircraft. Within this 
rather large area a fixed target area of 1,258 square miles 
was chosen (Figure 23). This smaller experimental target 
area allowed proper coordination between radar facilities, 
air-borne operations, ground personnel, as well as provid-
ing for a reasonable length of time between seeding passes. 
The coordinates of the four corners of the target area are: 
(1) 41°55'N, 112°08'W 
(2) 41> OO'N, 111° 25'W 
(3) 41°31'N,I11°19'W 
(4) 41°2iN, 112°02'W 
This experimental target area has the highest density 
telemetry network within the overall area covered by the 
total network. USU telemetering stations lying within the 
experimental target area include: 
006 Tony Grove Ranger Station 
008 Petersboro 
012 Cinnamon Creek 
015 Clarkston 
017 Hell Canyon 
020 Curtis Creek 
025 Herd Hollow 
026 Providence Traps 
044 Hyrum Dam 
046 Tony Grove Lake 
066 Hardware Ranch 
068 Paradise Canyon 
070 Bug Lake 
071 Deer Springs 
113 Klondike Narrows 
152 Trigara Springs 
155 Utah Water Research Laboratory 
164 Sinks (Control Can) 
Sinks (Experimental Can) 
The Sinks experimental can was added for the 
1970-71 winter season in order to evaluate the effective-
ness of a protective shell installed over the weighing can. 
5. Experimental sampling unit and randomization 
In order to obtain as many seeded periods as possi-
ble within some random design, the minimum length of 
Table 2. Seeding track designations for various combinations of wind speed and direction. 
Wind Direction 
at Wind Speed at Seeding Altitude (knots) 
Seeding Altitude 0-11 11-21 21-31 31-42 42-52 
(mag) 180° 220° (A) A-1 A-2 A-3 A-4 A-5 
(true) 1979 237° 
(mag) 220° 260° (B) B-1 B-2 B-3 B-4 B-5 
(true) 237° 277° 
(mag) 260° 300° (C) C-1 C-2 C-3 C-4 C-5 
(true) 277° 317° 
Table 3. Coordinates, headings, distances, and minimum flight altitudes for all seeding track desig-
nations. 
Seeding Start Seed Turn Around Length of Minimum 
Track From Point Seeding Run (NM) Altitude 
A-1 354°/13.0 340°/39.5 27.5 12,000 
A-2 337°/10.0 335°/34.0 24.5 11 ,000 
A-3 310°/ 7.5 327°/29.5 22.0 8,000 
A-4 277°/ 8.5 318°/25.0 19.5 8,000 
A-5 255°/11.0 304°/22.0 17.0 9,000 
B-1 348°/14.0 338°/41.5 27.5 12,000 
B-2 328°/14.0 331°/40.0 26.0 11,000 
B-3 310°/16.0 323°/39.5 24.0 11,000 
B-4 296°/19.5 315°/39.5 22.0 10,000 
B-5 287°/23.0 308°/40.0 20.0 10,000 
C-1 347°/16.0 339°/43.0 27.0 12,000 
C-2 334°/20.0 333°/45.0 25.0 11,000 
C-3 323°/24.5 328°/47.0 22.5 ,11,000 
C-4 317°/30.0 324°/50.0 20.0 10,000 
C-5 312°/35.5 320°/52.5 18.0 10,000 
Note: All tracks are on headings of 153°/333° magnetic. 
All positions are from OGDEN VORTAC. 
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Figure 20. Type "A" seeding tracks. 
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Figure 23. Primary target area and associated telemetry network for Wasatch Weather Modification Project's airborne cloud seeding experi-
ment. 
storm period which would provide measureable precipita-
tion in both the seeded and non-seeded time blocks was 
determined. Climatological records compiled by UWRL 
were examined for indications of precipitation periods. It 
followed that an 8-hour storm period could be expected 
to contain two 4-hourly precipitation amounts suitable 
for detection by the telemetry system, so that proposed 
seeding techniques might be evaluated. A 4-hour sampling 
unit was also within the capability of a single pilot and 
single aircraft to carry out. 
It was decided to use a 4-hour sampling unit with 
randomization in blocks of two. When an 8-hour opera-
tional period was forecast to exist, a randomized decision 
whether to seed the first or second 4-hour time block was 
then made. The other 4-hour time block was left non-
seeded. Within the designated 4-hour seeded block, actual 
seeding was conducted during the first two hours, the last 
two hours providing a "purge" time for seeding material. 
The randomization procedure employed here, to 
some extent, biased operations toward the larger precipi-
tation episodes of the area. 
6. Seeding materials and rates 
Seeding was accomplished by AgI pyrotechnics 
mounted to the aircraft. Seeding rates varied from about 
one to three grams per minute with most seeding accomp-
lished at a rate of two grams per minute, or 120 grams per 
hour. 
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B. Ground Seeding Program 
The major emphasis of the Wasatch Weather Modifi-
cation Project during the 1969-71 winter seasons was plac-
ed on the airborne seeding program. However, a limited 
amount of ground-based seeding was accomplished during 
this period, mainly prior to initiation of the airborne seed-
ing program, or when the seeding aircraft was down for 
ground checks or maintenance. 
Seeding was conducted from Willard Peak using a 
Weather Measure ground generator. Operation of the seed-
ing generator was controlled remotely from the UWRL. 
The location of the generator atop Willard Peak is at an 
elevation of about 9,200 ft msl and consequently, the 
seeding material is generally released directly into the 
cloud system. For both winter seasons, the AgI was com-
plexed with NaI in order to go into solution in acetone. 
Seeding rates were fixed at about 25 grams AgI per hour. 
The experimental sampling unit and randomization 
procedures applied were similar to those employed for the 
airborne seeding program. However, seeding was conduct-
ed for the entire 4-hour seeded block. 
The criteria for operations during ground seeding 
was also similar to those applied for the airborne program. 
The only difference was a 700 mb wind direction interval 
employed between 190 degrees and 330 degrees. 
VII. RESULTS 
The brief period between the end of the data col-
lection phase and the due date of this final report did not 
allow a comprehensive and detailed evaluation of the air-
borne experiment to be included. However, a preliminary 
description of results are presented herein. Since the anal-
ysis and evaluation of the data are not complete, only 
preliminary and tentative conclusions can be drawn. 
A. Seeding Effectiveness 
1. Airborne seeding experiment 
Figure 24 shows cloud seeding results for two 
winter seasons (1969-71) of airborne seeding. The results 
are expressed as a ratio of mean precipitation during seed-
ed events compared to non-seeded events. 
A substantial area of the designated target and its 
periphery have ratios in excess of unity, suggesting a posi-
tive seeding effect. Ratios in excess of 1.5 appear over the 
northwest portion of the target area, and just south and 
east of the designated target. Southern portions of the 
target and north of the target area have ratios slightly less 
than unity. These ratios represent all available experiment-
al events and no computations within concurrent meteo-
rological stratifications have been attempted as yet for the 
two-year sample. The reduction of the ratios to near unity 
or below as one progresses north and south of the target is 
highly suggestive of a positive seeding effect within and 
near the target area. 
The Wilcoxon Matched-Pairs Signed-Ranks test was 
applied to all stations shown in Figure 24. Observed values 
of the test statistic, say To, have associated p-values (prob-
ability of observing a value of T more extreme than 
To under the null hypothesis) which are generally greater 
than .05. An exception is the station just south of the 
designated target area (ratio of 1.90 for 38 operational 
events) where the p-value is less than .05. 
2. Ground-based seeding experiment 
The results of 10 ground-seeded operational events 
carried out during the winter season of 1970-71 are shown 
in Figure 25. The results are again expressed as a ratio of 
mean precipitation during seeded events compared to non-
seeded events. 
Analysis of the ratio values yields a ratio contour 
pattern highly suggestive of a positive seeding effect from 
the Willard Peak generator. Ratios exceed 2.0 immediately 
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east of the generator and decrease to near unity or below 
in all directions from this maximum. 
Application of the Wilcoxon Matched-Pairs Signed-
Ranks test gives p-values in excess of .05 for all stations 
shown in Figure 25. 
B. Silver in Precipitation Analysis 
Precipitation samples were analyzed for silver by 
atomic absorption using a tantalum boat attachment. Sev-
eral comparisons are possible with results from the silver 
analyses. These include (1) aircraft seeded vs. non-seeded 
storms, (2) ground-based seeded vs. non-seeded storms, 
(3) aircraft seeded vs. ground-based seeded storms, (4) 
warm vs. cold aircraft seeded storms, (5) warm vs. cold 
ground-based seeded storms, and (6) total silver in the 
target area vs. silver released. 
These comparisons were completed for the 1969-70 
winter season and results are shown as follows. Compari-
sons for the 1970-71 winter season were not available for 
this report. 
1. Air seeded and ground seeded vs. unseeded storms 
All samples of snow taken following seeding from 
aircraft and the ground were lumped together and an iso 
silver concentration map was constructed. This map may 
be seen in Figure 26. 
The map of all unseeded events sampled is shown in 
Figure 27. The great 'increase in the silver concentration in 
the snow from seeded storms is apparent and amounts to 
more than 5 times the concentration in the snow from 
unseeded storms. 
2. Airborne vs. ground-based seeders 
The next stratification compares the mean silver 
concentration of samples following storms seeded by air-
borne silver iodide pyrotechnics to the mean silver con-
centrations of samples following storms seeded with 
ground-based silver iodide generators. Figures 28 and 29 
show the iso silver concentration lines for samples taken 
following storms seeded by the two different seeding tech-
niques. 
Mean silver concentrations were calculated for the 
target area by area weighting silver concentrations accord-
ing to iso silver analyses. The weighted mean silver con-
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Figure 24. Ratio of mean precipitation during seeded events compared to non-seeded events. Data 
are from a total of 48 airborne operational events (48 seeded, 48 non-seeded) con-
ducted during the 1969-71 winter seasons. Numbers of operational events available for 
analysis are shown in parentheses. 
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Figure 27. Iso silver concentration (gms/ml times 10-12 ) lines for snow samples taken following 
un seeded storms. The aerial seeding target area is enclosed by the dashed lines. 
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Figure 28. Iso silver concentration (gms/ml times 10-12 ) lines for snow samples taken following 
all storms which were seeded from aircraft. The dashed lines enclose the target area. 
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Figure 29. Iso silver concentration (gms/ml times 10 -12) lines for snow samples taken following 
ground-based seeding. 
47 
centration of the target area following storms seeded by 
airborne silver iodide pyrotechnics is 23 grams per milli-
liter times 1012 while the weighted mean silver concen-
tration of samples following seeding with the ground-
based silver iodide generator is 50 grams per milliliter 
times 10 12 , a more than two fold difference. Much of 
this difference disappears if the total area sampled is con-
sidered, since much of the silver from aircraft seeding 
appeared to fall north of the target area during the 
1969-70 season. 
Isohyetal maps were plotted of all precipitation fall-
ing during the 24-hour period following the beginning of 
seeding of those storms for which snow samples were tak-
en. Precipitation was read from the map at each snow 
sampling station. The simple correlation coefficient was 
computed for the relation between the depth of precipi-
tation and the silver concentration [r = 0.386, n = 70] . A 
correlation coefficient of this value would occur by 
chance only one time in a thousand, and so would be 
considered significant. 
3. Aircraft seeded, warm vs. cold storms 
The aircraft seeded storms were divided into two 
groups; those whose 500 mb temperatures were warmer 
than -21- C (warm storms) and those whose 500 mb tem-
peratures were colder than -21 C (cold storms). Figures 30 
and 31 show the iso silver concentration maps of the 
warm and cold aircraft seeded storms. The weighted mean 
silver concentration for the warm aircraft seeded storms 
was 50 grams per milliliter times 10-12 while the weight-
ed mean silver concentration of the aircraft seeded cold 
storms was 40, a 25 percent difference in favor of the 
warm storms. 
4. Ground-seeded, warm vs. cold storms 
The iso silver concentration maps for the ground-
based seeded warm storms is shown in Figure 32 and for 
the cold storms in Figure 33. The difference between the 
warm and cold storms is not considered to be significant. 
S. Silver in the target area 
The mean volume of precipitation and its silver con-
centration for both warm and cold type storms was used 
to compute the percentage of silver used in seeding which 
could be accounted for in the target area. In the warm 
ground-seeded storms 7.5 percent was found, while from 
the warm aircraft seeded storms 2.5 percent could be ac-
counted for. In the cold storms these values reduced to 5 
percent for ground seeding and 1.6 percent for aircraft 
seeding. 
C. Radar Analyses 
The 3-cm T-9 tracking radar was used to furnish 
pilot advisories, as well as for studying the behavior of 
precipitation cells and defining the vertical geometry of 
48 
the cloud system over Cache Peak. Figures 34 through 43 
show a sequence of echo behavior characteristic of many 
precipitation episodes in the area. The entire sequence 
transpires in approximately one-half hour and demon-
strates how rapidly precipitation patterns may evolve in 
this area. 
1. Precipitation echo time sequence 
At 1609 MST on January 12, 1971, a large echo (A) 
stretches from the Wellsville Range eastward across Cache 
Valley to near the opening of the Blacksmith Fork 
Canyon. During the next ten minutes this large echo 
moves north northeastward and largely dissipates. How-
ever, echo (B) continues to persist and begins to generate 
again (notably at 1625 MST) immediately to the lee of 
the Wellsville Range. At this same time, echo (C) is seen to 
be intensifying along a short E-W line immediately to the 
lee of Clarkston Peak. This last line of cells moves north 
northeastward and largely dissipates during the next ten 
minutes. Meanwhile the regeneration of cells to the lee of 
the Wellsville Range continues as another relatively large 
echo moves northeastward across the valley toward 
Logan. 
This sequence of radar photographs demonstrates 
how rapidly precipitation echoes may generate and dissi-
pate in the area. It also indicates the very important role 
played by the Wasatch Front in initiating precipitation for 
the area and the local nature of some of the heavy 
precipitation episodes. 
2. Cloud geometry time sequence 
Figure 44 shows a radar time sequence taken in a 
vertically pointing mode of the cloud system over Cache 
Peak on March 17, 1971. The cloud system appeared solid 
with tops around 16,000 ftlmsl in the vicinity of a frontal 
passage that occurred at 0308 MST. Cloud tops lowered 
rapidly about 3 hours after frontal passage and took on a 
layered appearance. This information shows quite graphi-
cally how rapidly the weather modification potential can 
change in the area, and demonstrates the capability of the 
radar to monitor this changing potential. 
On occasion the seeding aircraft made passes over 
the radar site to estimate visual cloud tops. In general, 
estimated visual cloud tops from the aircraft and those 
measured by the radar were within 1000 feet of each 
other. 
D. Mt. Pisgah Generator Plume Tracing 
The availability of a cold box on board the Aztec 
aircraft provided a capability for AgI plume tracing 
studies. On March 9, 1971, an attempt was made to define 
the downwind and horizontal extent of the AgI plume 
emanating from the Mt. Pisgah ground-based generators. 
The flight pattern flown and the location of ice nuclei 
measurements are depicted in Figure 45. 
Figure 30. Iso silver concentration (gms/ml times 10-12 ) lines for samples of snow taken follow-
ing storms whose 500 mb temperature was warmer than -21°C. The aerial seeding 
target is enclosed by the dashed lines. 
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Figure 31. Iso silver concentration (gms/ml times 10-12 ) lines for samples of snow taken follow-
ing storms whose 500 mb temperature was colder than -21°C. The aerial seeding target 
is enclosed by the dashed lines. 
50 
Figure 32. Iso silver concentration (gms/ml times 10 -12) lines for snow samples taken following 
seeding of storms whose 500 mb temperature was warmer than -21°C by the ground-
based silver iodide generator located at "G." 
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Figure 33. Iso silver concentration (gms/ml times 10-12 ) lines for snow samples following storms 
whose 500 mb temperature was below -21°C and which were seeded by a ground-based 
silver iodide generator located at "G." The dashed lines enclose the aerial target area. 
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Figure 34. Precipitation echoes at 1609 MST. Large echo A is moving 
NNEWD and extends across southern portion of Cache Valley. 
Continued snow generation and streamers are visible to lee of 
Wellsville Range. 
Figure 35. Precipitation echoes at 1611 :30 MS:r. Large echo A is moving 
NNEWD. Continued snow generation and streamers are visible to 
lee of Wellsville Range. 
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Figure 36. Precipitation echoes at 16: 14 MST. Large echo A continues 
moving NNEWD but shows some dissipation. Continued snow 
generation and streamers are visible to lee of Wellsville Range. 
Figure 37. Precipitation echoes at 16:18:30 MST. Echo A continues mov-
ing NNEWD with some dissipation. Continued snow generation 
and streamers are visible to lee of Wellsville Range (echo B). Cell 
generation (echo C) east of Clarkston Peak begins. 
(J\ 
(J\ 
Figure 38. Precipitation echoes at 16:23:30 MST. Echo A has largely 
dissipated. Echo B to the lee of Wellsville Range is growing and 
intensifying. Echo C has formed nearly solid East-West line and 
is moving NWD. 
Figure 39. Precipitation echoes at 16:26 MST. Echoes Band C continue to 
intensify. 
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Figure 51. Forecast of runoff. 
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square miles. 
the graphical line of best fit assuming both variables are 
independent. 
The mean seasonal distribution of snowfall on the 
Bear River Drainage shows 37 percent by January 1, 60 
percent by February 1, 82 percent by March 1, and 100 
percent by April 1. Furthermore, 354 percent of January 
1 normal is equal to the April 1, 10-year expected value. 
However, if normal snowfall occurs until April 1, 2.7 
times the 10-year peak or 400 percent of normal would be 
realized. This would only occur on the average at intervals 
of about once per thousand years. 
For February 1, 234 percent of normal is required 
to equal the 10-year April 1 value. With normal precipi-
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tation to April I then, 242 percent of the April 1 normal 
would be realized, or a 200-year peak. For March 1, 166 
percent of normal is required to equal the April 1 10-year 
peak, and with normal March precipitation, 176 percent 
of the April 1 normal would be attained, or a 24-year 
event. 
B. Computer Simulation 
The objectives of this study may be stated as: 
(1) To determine interrelationships between 
snow distribution, accumulation and melt, and streamflow 
volumes and time distribution. 
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(2) To develop a model of a chosen watershed 
that will predict streamflow under various spatial and 
temporal distributions of precipitation. 
(3) To study effects upon streamflow of vari-
ous spatial and temporal distributions of precipitation on 
the watershed. 
A sensitive, well-defined working model of the 
major irrigated watersheds would enable planners to 
answer questions such as "if the precipitation on area 'A' 
is increased by 10 to 15 percent during the winter, what 
influence will this have on the quantity and time of avail-
ability of the water supply?" The objectives above are all 
related to the production of such a working model. 
t. Watershed 
The watershed chosen for this study was the Weber 
River above Oakley which has a surface drainage area of 
approximately 163 square miles. The outline of the drain-
age basins, and its locations with respect to temperature, 
precipitation and runoff monitoring stations are shown in 
Figure 54. Slope, aspect, and elevation data were taken 
from USGS topographic maps. The area elevation classes 
found on the watershed are as follows: 
Below 7,000 feet 
Between 7,000 and 8,000 feet 
Between 8,000 and 9,000 feet 
Higher than 9,000 feet 
• Morgan 
• City Creek Water Plant 
,. 
Mountain Dell Dam 
• 
" Coalville 
Silver Lake Brighton 
• Snake Creek PH 
• Heber 
5 percent 
20 percent 
23 percent 
52 percent 
• Oakley 
• Kamas 
Vegetation cover data were taken from U.S. Forest 
Service timber survey maps. Three major vegetation cover 
types were considered: non-forest, coniferous forest, and 
deciduous forest. 
2. Hydrologic model 
A flow chart representing the hydrologic model 
adopted for this study is shown in Figure 55. Each block 
in the diagram represents a hydrologic process expressed 
mathematically and integrated in terms of both time and 
space. The model was synthesized on the USU hybrid 
computer and verified using available field data from the 
prototype. The data were available only as point measure-
ments in time or space, and it was necessary to integrate 
them in terms of time and space scales adopted for the 
model. 
The initial single-space unit model was based on a 
time increment of one month and considered the entire 
watershed as a single space unit. The single space unit was 
used initially because runoff data for verification were 
available only at Oakley. The initial study established the 
ranges of model parameters which were subsequently used 
to model various zones within the watershed. 
a. Temperature 
Surface air temperature was applied as an index of 
energy available for estimating rates of evapotranspiration 
• Precipitation Station 
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Figure 54. Sketch showing the relative locations of precipitation and temperature stations with 
respect to the Upper Weber River basin. 
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and snowmelt, and for delineating whether precipitation 
was in the form of rain or snow. Differences in energy 
levels produced by degree and aspect slope were account-
ed for in the model by introducing an index of potential 
insolation. Temperature records were not available within 
the watershed and were projected from Silver Lake station 
near the watershed at an elevation of 8,700 feet. Re-
corded air temperature values for Silver Lake were dis-
tributed over the watershed on the basis of average 
monthly temperature lapse rates computed from Salt 
Lake City radiosonde. The average temperature lapse rate 
for the area was estimated to be -3.6 F per 1,000 feet 
elevation increase. Mean annual surface temperature for 
the entire watershed was estimated to be 35.5 F. 
b. Precipitation 
The only precipitation record on the watershed is 
the Smith and Morehouse snow-course and storage preci-
pitation gage. However, the Utah Water Supply Forecast 
Unit of NOAA - National Weather Service forecasts the 
annual runoff for the Weber River using a weighted 
monthly precipitation from selected precipitation stations 
located near the watershed. The weighted watershed preci-
pitation values developed by them are shown in Table 11. 
This same technique as modified by Wang (1970) was 
used to estimate the monthly precipitation on the water-
shed. The 1936 to 1966 mean annual precipitation for the 
watershed was computed to be 20.75 inches. 
c. Initial computer model 
The initial model was programmed on the USU 
hybrid computer. The problem was scaled to a time in-
crement of one month equals O.l second, so rapid "turn-
around" was achieved. The digital component of the com-
puter was used to input and store data and to control the 
analog component in accordance with the flow chart in 
Figure 56 including the differential equations. Sample 
computer output curves are given in Figures 57, 58, and 
59. Model verification includes calibration and testing. On 
the initial model, the model parameters were fixed (cali-
bration) using data from the 1939-40 water year, and the 
curves in Figures 57 and 58 were then computed and 
compared with test period 1940-41 water years with no 
further changes in the parameters. 
d. Spatially distributed model 
The watershed was divided into 14 sub zones averag-
ing about 10 square miles each. The average elevation and 
slope characteristics were taken from topographic maps 
and vegetation cover from timber survey maps. The same 
model shown in Figure 56 was applied to each subarea in 
similar fashion to that for the single spatial model above, 
except for the verification. Verification was accomplished 
for reliability and uniqueness in the model by statistical 
variance and relaxation techniques. 
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e. Model verification 
Generally, verification of a computer model is ini-
tiated by changing certain parameters in the model until 
computed output matches observed output in an 
optimum manner. When this condition is achieved, the 
model parameters are said to be optimized, and the cali-
brated model is then tested with a set of independent 
data. The two steps of calibration and testing are jointly 
referred to as model verification. Changes or perturbations 
of model parameters produce a system response which 
depends upon the parameter changed. Thus, the degree to 
which a given change in a particular model parameter 
affects the output function is an indication of the sensitiv-
ity of the system to that parameter. Following are three 
reasons why an understanding of the relative sensitivity of 
the model to changes in the various parameters is impor-
tant: 
(1) To identify those parameters to which the 
system is highly sensitive. A careful investigation of these 
parameters is necessary in order to gain some under-
standing of their variabilities in terms of time and space. 
For example, the groundwater decay parameter might be 
estimated from an examination of base flow records and 
mathematical interpretation. Modification of the model in 
order to reduce its sensitivity to one or more of these 
parameters is also a possibility. 
(2) To identify those parameters to which the 
system is relatively insensitive. Frequently, an "a priori" 
mean value for these parameters can be estimated and 
input to the model, thus reducing the number of paramet-
ers that need to be established by the model calibrations 
procedure. 
(3) To gain some understanding of the in-
crement or step size ·by which a parameter should be var-
ied under the calibration procedure. It is necessary that 
the system response resulting from a given parameter per-
turbation be significant in comparison with machine error. 
f Machine error analyses 
Ideally, repeated operation of a fixed model with 
the same input data should produce identical output func-
tions for each run. Some variabilities in the output are 
introduced by the analog components, switching time for 
function relays, and conversions between the analog and 
digital components of the computer. These type errors are 
generally random and compensating, and, therefore, do 
not increase in proportion to the number of computer 
components required in the model. In this study, 5 runs 
with 4 years of input data indicated a maximum accumu-
lated difference of approximately 2 percent with respect 
to annual runoff. 
Table 11. Computation of annual water supply forecasts. 
Weber River Near Oakley, Utah 
Curve revised 12/20/63 1968-69 Water Year Runoff in 1 ,000 Acre-feet 
Computation of Effective Basin Precipitation 
STATION SEPT OCT NOV DEC JAN FEB MAR WGT. Obs. Wgtd. Obs. Wgtd. Obs. Wgtd. Obs. Wgtd. Obs. Wgtd. Obs. Wgtd. Obs. Wgtd. 
City Creek W. P. 0.10 0.91 0.09 2.08 0.21 3.81 0.38 3.57 0.36 3.93 0.39 3.97 0.40 1.30 0.13 
Coalville 0.20 1.05 0.21 1. 11 0.22 1.22 0.24 1 .26 0.25 2.70 0.54 1 .80 0.36 0.15 0.03 
Heber 0.05 0.28 0.01 1.58 0.08 1.32 0.07 1.30 0.07 5.10 0.26 2.22 O. 11 0.18 0.01 
00 
-
Moon Lake 0.05 0.30 0.02 0.00 0.00 0.50 0.03 1.30 0.07 4.40 0.22 2.35 0.12 0.60 0.03 
Morgan 0.20 0.78 0.16 1.57 0.31 1. 91 0.38 2.38 0.48 3.96 0.79 3.85 0.77 0.07 0.01 
Mountain Dell Dam 0.05 0.94 0.05 2.42 0.12 2.19 O. 11 2.38 0.12 3.41 0.17 2.28 0.11 0.53 0.03 
Silver Lake 0.05 1.23 0.06 4.50 0.23 4.12 0.21 5.38 0.27 12.39 0.62 10.64 0.53 1.82 0.09 
Snake Creek PH 0.30 0.33 0.10 2.36 0.71 2.52 0.76 2.68 0.80 7.75 2.33 6.21 1.86 0.18 0.05 
Effective Precip 
(l:) 1.00 0.70 1.88 2.18 2.42 5.32 4.26 0.38 
00 
N 
+ 
~ 
·P.t. 
-t 
o. 
Figure 56. Analog computer part of the watershed simulation program. 
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Figure 57. Sample computer output plots for the simulation program of the Upper Weber River, September 1939 to 
August 1940. 
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Figure 58. Sample computer output plots for the simulation program of the Upper Weber River, September 1940 to 
August 1941. 
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Figure 59. Sample computer output plots for the simulation program of the Upper Weber River, September 1941 to 
August 1942. 
g. Parameter optimization program 
The sensitivity tests in this study indicated that 
seven model parameters for each subwatershed required 
optimization through the calibration procedure. 
Manual calibration of a computer model is a time 
co.nsuming and tedious process. For this reason, a comput-
enzed para~eter optimization procedure was developed 
for the hybnd computer simulation program under study. 
Under the rather general computer optimizing procedure 
developed, a range of values for each parameter is input to 
the computer. Specified fixed values are then assumed for 
all parameters except one which is varied by particular 
increments within its predetermined range. For each value 
of this parameter the model output function is compared 
with the "observed" output from the prototype, and the 
difference is evaluated in accordance with a specified 
criterion. The minimum point is selected on the resulting 
difference function, and the value of the variable para-
meter corresponding to this minimum is said to be the 
optimum. The parameter is then fixed at its optimum 
value and the same procedure is repeated for the second 
parameter. In this way optimum values are determined in 
succession for each model parameter. 
The flow chart of Figure 60 illustrates the general 
parameter optimization program. The major components 
of this program are briefly discussed in the following para-
graphs. 
h. Main program 
This program accepts the input data and controls 5 
subroutines. Initially, the model parameters are optimized 
for a lumped parameter model in which the entire water-
shed is considered as a single space unit. A subwatershed 
area is then removed (or relaxed), and the runoff hydro-
graph from the remainder of the watershed is computed 
on the basis of the parameter values established for the 
entire watershed. This hydrograph is then subtracted from 
the corresponding hydrograph for the entire watershed to 
yield an estimated "observed" runoff hydrograph from 
the relaxed subarea. Parameters for the relaxed subarea 
are then optimized on the basis of the "observed" hydro-
graphs obtained in this manner. Differences due to charac-
teristics such as elevation, vegetation cover, slope, and 
aspect are considered by the model for each subarea. This 
same procedure is repeated until parameter values are es-
tablished for each subarea. Thus, the initial lumped para-
meter model is converted to a distributed parameter 
model which is able to consider spatial variations in input, 
watershed characteristics, and management practices. The 
total runoff hydrograph for the entire watershed is obtain-
ed by summing corresponding individual hydrographs for 
each area. 
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i. Subroutine random 
This subroutine generates a set of random numbers 
which designate both the relaxation order for the subareas 
and the sequence in which the model parameters are opti-
mized for each subarea. Since the first subarea relaxed 
(and the first parameter optimized) has the largest number 
of degrees of freedom, a random order of selection was 
adapted. This procedure avoids consistent biasing of re-
sults due to sequential selection in a particular order. 
Random numbers are obtained by taking the least signifi-
cant value in the register when overflow from multipli-
cation occurs. 
j. Subroutine COEFF 
Particular physiographic characteristics of each sub-
area are represented in the program by means of coeffici-
ents. When several subareas are combined into a single 
unit, this subroutine computes values for these character-
istics as means (weighted on an areal basis) or correspond-
ing characteristics for the individual subareas. 
k. Subroutine ADAT A 
Data required by the analog component of the pro-
gram are output by this subroutine. These data include 
values of degree months, potential evapotranspiration, and 
precipitation, whether rain or snow. The subroutine scales 
the data to take advantage of the full dynamic range of 
the analog component. The distribution of precipitation 
to the various subareas also is varied through this sub-
routine. 
I. Subroutine OPTM 
Optimization of the model parameters is accom-
plished by this subroutine, which is illustrated by the flow 
diagram of Figure 61. The operation begins with a para-
meter perturbation of a given step size in one direction. If 
the agreement between computed and "observed" output 
is not improved, the parameter is perturbed in the oppo-
site direction. If there is still no improvement in the agree-
ment, the parameter is returned to its initial value and the 
same process implemented for the next parameter as de-
signated by "subroutine random." During this process, 
any change in the output response is not considered signi-
ficant unless the change exceeds a value that might reason-
ably be attributed to machine error. As previously discuss-
ed, the perturbation magnitude for each parameter is 
determined by sensitivity tests and is specified as part of 
the program input. The optimization cycle is completed 
when further perturbations of any of the model para-
meters make no further significant improvement in the 
agreement between computed and "observed" outputs. 
m. Subroutine analog 
This subroutine controls the communications 
between the digital and analog components of the hybrid 
Read in the range of model Parameters 
Read in fixed watershed coefficients 
-. 
-+ 
I I Read in A.nnual Hydrologic Data i 
Run to Optimize Enti re Watershed Parameter 
Coef£. 
Adata 
Optm. 
t 
Record the optimized values J 
• I RandoIT1 I 
-
" 
1-4 
ro 
Cl) 'U Run for Non- relaxing portion of the watershed (J) 
~ Coef£. tI.l 
u 1-4 A.data ro (I.) 
+l A.nalog cd 
1-4 ~ -f 
0 ,..0 
~ Compute Desirable value for the following run \J) 
m 
,..c: • (!) ~ u relaxing ro Run to optimize the subwatershed pararrleters. ~ Coef£. 
1-4 
0 A.data 
'-H 
..j..l Optrn • 
ro 
~ 
(!) t ~ 
Record the optimized values J 
~, 
Comrut.c:: initial con rli ti n n s for next year 1 
t 
Set poter;.ti-rneters for next '.Tear I 
Figure 60. The main program for computer model calibration or parameter optimization. 
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YES 
NO 
Obtain initial error 
ANALOG 
Set up parameter optimizing order 
ANDOM 
Pertubate a parameter 
A.NALOG 
Set back to 
NO 
NO 
Figure 61. A flow diagram for the parameter optimizing subroutine (Subroutine OPTM). 
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computer and also performs the analog computations. To 
avoid errors resulting from sampling the analog output at 
a particular time, the runoff as computed by the analog 
portion of the program is integrated for each month and 
the mean value for monthly runoff, is thus obtained. The 
agreement criterion between the computed and "observ-
ed" output is based upon minimizing the sum of the 
monthly variance values between the two functions. These 
values are also computed by the "subroutine analog," and 
are output by the digital computer when called. 
Sample results are tabulated in Table 12. 
Figure 62 illustrates the effects, as predicted by the 
model, of inducing an overall precipitation increase of 10 
percent on the high level, north-facing slopes of the water-
shed compared to a 10 percent increase distributed uni-
formly over the watershed. The study demonstrated: (1) 
the utility of simulation modeling for predicting weather 
modification effects upon the hydrologic system, and (2) 
the desirability of targeting snowfall. 
C. Hydrologic Target Potential 
The objectives of this study may be stated as: 
(1) To develop and select criteria to denote 
areas where the ratio of runoff to precipitation is a maxi-
mum. 
(2) To construct a map of the Wasatch-Uinta 
area (using criteria developed under number 1 previously) 
on which areas are classified according to their hydrologic 
target potential. 
(3) To estimate the relative economic value of 
the water for each area. 
For the purposes of this study the Wasatch-Uinta 
area was considered to be from 400 north latitude on the 
southern boundary to 43 0 north latitude on the northern 
boundary and from 1090 west to ] 14 0 west longitude. It 
was entirely within this area that the objectives stated 
above were investigated. 
1. Watershed precipitation 
The mean water year precipitation for each gaged 
watershed was determined by constructing water year 
isohyetal maps of each watershed. For Utah and Wyoming 
water year isohyetal maps constructed by NOAA - Nation-
al Weather Service were used and only corrected or con-
firmed by snow-course and storage precipitation or other 
precipitation records. For Idaho an annual total precipita-
tion map made by the Corps of Engineers was corrected 
to water year isohyets by reference to snow-course and 
other records. 
Watershed mean precipitation was derived by planim-
etering the areas between isohyets, mUltiplying the areas 
Table 12. Comparison between computed and observed monthly runoff in inches for the 1937-38 
water year. 
Computed Runoff (Inches) 
Observed Lumped Distributed 
Runoff Parameter Parameter 
(Inches) Model Model 
September 0.42 0.83 0.25 
October 0.51 0.97 0.79 
November 0.51 0.47 0.43 
December 0.42 0.25 0.28 
January 0.39 0.24 0.39 
February 0.35 0.25 0.39 
March 0.43 0.27 0.32 
April 1.58 1.60 1.99 
May 5.00 4.53 4.77 
June 6. 13 5.64 5.66 
July 1.29 1.58 1.55 
August 0.70 1.04 0.85 
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Figure 63. Map of the hydrologic cloud seeding potential of the Wasatch-Uinta area. 
I = low potential 2 = moderate potential 3 = good potential 4 = excellent potential 
W = bodies of water such as lakes and reservoirs 
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IX. SUMMARY OF OPERATIONAL ACTIVITIES AND PROBLEMS 
A. Telemetry System 
During the operational seasons of 1969-71 the tele-
metry network was operated for a total of 1546 hours, 
providing approximately 138,000 data points. Travel for 
maintenance at remote stations was done by snow 
machines. A total of 96 visits were made during the two 
winter seasons, an average of about one trip per winter 
season per site. 
Several of the trips were made to Mt. Logan for the 
purpose of performing maintenance on the translator. In 
March, 1970, a defective solenoid valve caused the Mt. 
Logan generator to flood with oil. A heavy ice storm in 
January, 1971, caused the collapse of the telemetry radio 
link antenna atop Mt. Logan leaving only the cable con-
nection between the translator and UWRL. 
Vandalism continued to be a minor problem for the 
project. The cable was severed on two occasions during 
the 1969-70 season and four times during the 1970-71 
season. In addition, snow creep cut the cable once during 
the latter season. Most of the vandalism occurred in the 
fall during the hunting season and before snow covered 
the cable. The fact that the cable cannot be buried on 
Forest Service land leaves it vulnerable during this time of 
year. Generally, these problems can be spotted and cor-
rected within a few hours. 
The only serious problem during the 1970-71 season 
with the Mt. Logan translator was associated with the 
power generator. This was the fourth season for this gen-
erator operating under severe conditions. Under normal 
operating conditions, the generator starts up cold, runs for 
about 15 minutes in order to recharge batteries, and then 
shuts down. In early December, 1970, it would not shut 
down and had to be turned off until a relay was repaired. 
Unfortunately, two potential seeding events were missed 
in the interim. Valves in the generator head were event-
ually reground. 
The printer tape provided the primary readout from 
the ARC. The surplus paper tape drive is still not satisfac-
torily interfaced with the ARC. Occasionally, the paper 
tape mechanism would jam and a feedback into the logic 
of the printer caused serious problems. The paper tape 
punch was eventually disconnected and no further prob-
lems resulted. This interfacing problem is the last stumbl-
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ing block in the way of a rapid-time, telemetry data 
acquisition system. 
Because of the high readout rates employed during 
the 1969-70 season, batteries at 18 remote stations were 
weakened so that replacement was required. This problem 
gave rise to only 7 trips during the 1970-71 season. 
About 55 percent of the remote stations operated 
satisfactorily during the 1970-71 season and required no 
maintenance. A somewhat unusual problem appeared dur-
ing this last season, when four remote stations experienc-
ed extremely heavy snowfall and catches rose above cali-
bration values. These sites were visited and. the cans 
emptied and recharged. At a few of the remote stations, 
snow depths reached to near can levels for the first time. 
It appears that about three towers should be raised an 
additional 3 feet. 
B. Sinks Experimental Site 
At the "Sinks" remote station site, located on a 
section of land owned by the Utah State University 
Forestry School, a regular 70-inch can, another with a 
protective outer shell, and a heated recording gage were 
installed during the 1970-71 season. In addition, wind 
direction, wind speed, and temperature were measured at 
the site and telemetered back through the ARC. The pur-
pose of this installation was to compare precipitation 
measurements in order to evaluate the advisability of in-
stalling protective shields at all remote stations of the net-
work. It is believed these shields might reduce "wind 
noise" in the telemetry system, as well as eliminate the 
occasional problem of ice and snow accumulating on the 
outside of the weighing can. This evaluation was not com-
pleted at the time of this report. 
However, it has become apparent that this protec-
tive shell covering must be quite accurately mounted to 
prevent binding the weighing mechanism. This mounting 
must be accomplished blindly and would best be complet-
ed during the summer season. 
C. Radar 
The T-9 radar operated flawlessly during the last 
winter season until March 26, 1971. Problems developed 
with the remote scope which brought about three failures 
to monitor the aircraft when its flight path exceeded the 
range of the T-9 scope. 
The Cache Peak radar site is located at the Mountain 
Fuel Supply Micro-wave installation. Unfortunately, there 
is only single phase power available so a power generator 
was installed for radar operations. However, thIS proved to 
be quite satisfactory. 
D. Radio Communication 
Radio communication between pilot and radar was 
generally good. This radio contact should be initiated 
prior to the aircraft seeding period and checked at least 
once. Frequent contact between pilot and meteorologist 
at the radar site is valuable when conditions indicate a 
change in flight altitude due to temperature or cloud con-
ditions. An infrequent but re-occurring problem this last 
season was the lack of clouds upwind of the mountain 
barrier along the seeding tracks. FAA altitude restrictions 
sometimes resulted in flights near cloud top or even 
above. 
E. Cache Peak Site 
A problem concerning the Cache Peak site was 
transportation. A private dirt road leads to the top with 
about a 1,000 foot climb from the valley floor. During the 
beginning and near the end of the operational season, 
temperatures are such that rain frequently occurs at these 
low elevations. Trips with wheeled vehicles at this time 
can cause heavy scarring of the road bed with resultant 
heavy erosion. Consequently, during these periods person-
nel walked from Beaver Dam (a distance of 2.5 miles). In 
mid-winter the upper road becomes drifted so that snow 
mobiles must take steeper slopes. Frequently, this results 
in the snow mobile not having the ability to transport two 
people to the site. 
F. Rawinsonde 
Rawinsonde equipment was also installed and oper-
ated from the Cache Peak site during the past winter 
season. In support of the rawinsonde flights an instrument 
shelter, wind equipment, and an aneroid recording baro-
meter were also installed. An inflation shelter was built of 
plastic covered plywood and anchored to the northside of 
the radar trailer. On only one occasion was a rawinsonde 
release aborted due to strong winds. It was possible to 
deliver helium to this site in mid-winter using the new 
snow machines. 
G. Ground-based Generators 
The Willard Peak ground-based seeder was installed 
with new monitors for temperature, programmer status, 
solution flow, tank controls, and flame sensor for the 
1970-71 winter season. This seeder was used in November 
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and December prior to the initiation of the airborne ex-
periment. 
The Bureau of Reclamation ground seeder on Mt. 
Pisgah also had monitors for programmer status and flame 
sensor installed during the season. This ground seeder ex-
perienced re-occurring nitrogen leaks. 
The new monitors on the Willard Peak seeder oper-
ated satisfactorily except for the solution flow monitor. A 
problem that seems to occur with the ground seeders is 
the buildup of residue, resulting in the need for removal 
and cleaning at least once during the season. The purge 
systems improve on this problem but do not completely 
solve it. 
H. Aircraft Operations 
A potpourri of problems encountered during air-
craft operations is included below. A more complete dis-
cussion will be included in a future Technical Report 
summarizing and evaluating the airborne experiment. 
1. Operational Event No.2, December 9, 1970 
A total of 3 inches of rime icing accumulated on the 
airframe during the two hour flight. In this instance, the 
de-icing equipment on the aircraft proved adequate in 
handling the icing. 
2. Operational Event No.4, December 16, 1970 
A critical problem arose on this particular flight. 
Moderate to heavy snow was falling at take-off time with 
2 to 3 inches of very wet snow already on the runway. 
Snow built on the airframe during taxi and runup delays. 
Surface temperature was -2 C with some melting on the 
runway producing a very slushy accumulation that attach-
ed to the airframe and then froze during the take-off roll. 
Climbout to seeding altitude was very much hindered by 
the ice picked up on take-off. The pilot reported that if 
such weather conditions occurred again, it would be 
necessary to either delay or cancel take-off of the seeding 
flight. 
3. Operational Event No.5, December 18, 1970 
The presence of fog and heavy snowfall delayed the 
start of seeding by 22 minutes. 
4. Operational Event No.7, January 10, 1971 
Moderate turbulence apparently associated with a 
mountain wave produced by the Promontory Range was 
experienced with up and down vertical motions of 600 
feet per minute. While this turbulence produced discom-
fort, it did not seriously interfere with seeding activities. 
5. Operational Event No.8, January 11,1971 
Occasional turbulence, greater than moderate, was 
encountered on this flight. Higher flight speeds and power 
settings were utilized in order to improve the stability of 
the aircraft. 
After operational events Nos. 7 and 8, the pilot 
thought it unwise to attempt a third consecutive 8-hour 
operational period. It appears that, normally, two back-to-
back operational periods will be the limit in operational 
effort without taking time out for rest. 
6. Operational Event No. 11, January 11, 1971 
Turbulence was encountered during the entire 
flight. This turbulence was frequently moderate or 
heavier. For 30 minutes of the flight, turbulence was so 
intense as to cause difficulty in maintaining altitude. Up-
ward vertical velocities of 800 feet per minute were regis-
tered apparently in association with convective activity. 
Radar indicated moderate cell activity in the area. 
Ogden weather was below landing minimums 
throughout the seeding flight, and Salt Lake airport went 
to zero/zero as the aircraft was enroute there to use the 
field as a landing alternate. The forecaster advised that 
Ogden would be down for two more hours. The nearest 
suitable alternate appeared to be Pocatello, Idaho. The 
flight to Pocatello was made in cloud with light turbu-
lence and an ILS approach was shot and landing made 
without incidence. A delay of three hours in the return of 
the aircraft to Ogden the next morning was encountered 
due to ground blizzard conditions which caused heavy 
drifting and resulted in the refueling truck becoming 
stuck. 
The pilot reported that if the degree of turbulence 
experienced on this flight had been combined with heavy 
icing conditions, it would have been difficult to continue 
the seeding flight. Another operational event was possible 
had not the aircraft been diverted to Pocatello. 
7. OperationaJ Event No. 14, January 25, 1971 
The heaviest icing of the 1970-71 season was experi-
enced on this seeding flight. At 11,000 feet msl with the 
temperature at -9 C, the windshield iced over and within 
30 minutes over 2 inches of ice had accumulated on the 
airframe. The lower ice boots iced over and were no long-
er effective. The decision was made to descend in order to 
rid the plane of its ice load. A descent was made to 9,000 
feet msl into VFR conditions below cloud base. With the 
temperature at -6 C, the ice slowly sublimated from the 
aircraft. The remainder of the seeding flight was conduct-
ed at this altitude. 
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8. Operational Event No. 15, February 3, 1971 
Two inches of ice built up on-the airframe during 50 
minutes at seeding altitude. 
9. Operational Event No. 17, February 15, 1971 
Moderate turbulence and heavy precipitation in the 
form of soft hail was encountered. Radar advised the pilot 
that an east-west line of cells was developing in this area. 
On the succeeding pass into the area Hill Air Force Base 
advised that a Western 737 had just reported severe turbu-
lence in a cell just ahead of the seeding plane. The seeding 
aircraft reversed its course encountering moderate turbu-
lence and heavy precipitation as it brushed the edge of the 
cell. Reports of intense lightening activity and 3/4 inch 
hail were received from the Bountiful area with passage of 
these cells. This encounter with thunderstorm activity 
demonstrated the importance of the radar as a warning 
device adding to the safety of the seeding aircraft. 
10. Operational Event No. 18, February 19,1971 
The first hour of this flight was accompanied by a 
great amount of electrical activity in the cockpit. Saint 
Elmo's fire was constantly in evidence during this hour, 
jumping across the windshield and jumping out to the 
occupants: Upon completion of this flight, return to 
Ogden was a borderline situation as visibility was 1/2 mile 
in moderate snow and fog. 
11. Operational Event No. 21, March 10, 1971 
Heavy icing was experienced on climbout and in 
cloud estimated by the pilot to be at the rate of 1 inch per 
15 minutes. 
It is evident from the summary of aircraft opera-
tional problems that successful airborne seeding III the 
Wasatch Mountain area requires: 
(1) An aircraft equipped with de-icing equipment 
capable of handling heavy to severe icing con-
ditions and equipped for IFR flying. 
(2) An experienced, alert, and rather brave pilot. 
(3) Careful planning in regard to alternates. 
(4) Close coordination between pilot and ground 
radar and meteorologist. 
While a variety of adverse flying conditions were 
experienced, in general, the pilot and aircraft were capable 
of handling the situation. On a few occasions, seeding 
techniques were adjusted so as to improve the safety 
factor of the situation. On a very few occasions, either the 
pilot had worked to the point he no longer thought it wise 
to start another event, or the aircraft was not available 
due to past weather conditions. 
I. January Cooperative Experiment 
1. Utah State University participation 
January, 1970, was selected as the month for 
another "Cooperative Experiment" with selected Bureau 
of Reclamation contractors coordinating these efforts 
through the Office of Atmospheric Water Resources. Utah 
State University's scheduled participation in this program 
was: 
(1) To use and contribute to the "time-share" 
computer system on a rapid-time basis. 
(2) To use the Desert Research Institute (DRI) 
airborne facilities for plume tracing and for the accumu-
lation of support data. 
(3) To collect 3.2 cm radar data using the 
Office of Atmospheric Water Resources' equipment and 
operator. 
(4) To take extra rawinsonde flights especially 
for this experiment. 
(5) To collect ice nuclei data with a ground-
based NCAR counter during seeding operations. 
(6) To collect snow samples for analysis of the 
silver content after seeding operations. 
(7) To continue to collect precipitation and 
meteorological support data as required during other 
months of the experimental season. 
(8) To comment on the success of, and the 
problems encountered in, such a coordinated effort. 
2. The time-share computer system 
After an initial training period, the teletype terminal 
was utilized daily. Rawinsonde data and regular status re-
ports of the personnel and equipment associated with the 
project were fed into the system as scheduled. 
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3. Airborne plume tracing activities 
Attempts were made on three occasions to schedule 
the DRI aircraft into the Utah area. None of the three 
attempts was successful. 
4. Radar operations 
Radar observations by Mr. Al Bessel of the Bureau 
of Reclamation were begun on January 8, 1970, at the 
rawinsonde launching site west of Logan. The radar was 
moved to a location on Collinston Pass (5,752 feet) on 
January 15, 1971. 
There was good radio communication (400 mega-
hertz band) between this radar unit and another unit oper-
ated by Atmospherics, Inc. There was also good radio 
communication between the Bureau radar site and the 
Utah Water Research Laboratory, even though this was 
not line-of-sight transmission. 
5. Rawinsonde flights 
During January, 1970, 43 of the 45 scheduled 
ra winsonde flights were accomplished. Twenty-three 
flights were encoded for transmission on the time-sharing 
computer. 
6. Ground-based ice nuclei counting 
Using the borrowed NCAR Counter, 97 hours of ice 
nuclei counting were accomplished. Most of these counts 
were taken at Tony Grove Ranger Station (elevation 
6,500 feet) and at Hardware Ranch (elevation 5,700 feet), 
both of which are well within the fixed target area. From 
the viewpoint of the number of ice nuclei, the period 
from 1235-1400 hours on January 10, was most notable 
when counts at Tony Grove Ranger Station varied from 
100 to 1500 nuclei per liter at -20 C. 
. , 
X. CONCLUSIONS 
During the period July I, 1969, and June 15, 1971, 
the Wasatch Weather Modification Project has conducted 
an experiment involving the airborne seeding of cold 
cloud systems over the Wasatch Mountains. The results 
presented in this report are preliminary, and no attempt 
has been made yet to compute results within concurrent 
meteorological stratifications. Nevertheless, the prelimi-
nary results presented strongly suggest an overall positive 
seeding effect has been realized within and near the desig-
nated primary target. 
Results of limited ground-based seeding activities 
also strongly suggest that a positive seeding effect has 
been produced in the mountains downstream from the 
seeding generator. No statistical significance can be attach-
ed to these results at the present time. 
It is apparent that the Utah State University remote 
telemetering precipitation network has truly reached an 
acceptable operational status. The development of a com-
puter editing system for the telemetered data has resulted 
not only in rapid data processing, but a savings of over 
tenfold in the cost of such processing. 
During the airborne seeding experiment, it has be-
come quite clear that the airborne seeding of Wasatch 
97 
Mountain clouds is no "picnic." It requires a properly 
equipped aircraft, proper planning and coordination be-
tween the pilot and air traffic control, radar, and meteo-
rologist. In general, it may be concluded on the basis of 
activities so far that the majority of flights are conducted 
in meteorological environments presenting relatively little 
hazard or discomfort to the pilot and aircraft. On oc-
casion, however, predetermined seeding activities and pro-
cedures must be obviated in order to lower the hazard and 
discomfort levels. 
Considerable progress has been made toward the 
goal of developing a rapid-time data processing procedure. 
A successful interfacing of the paper tape punch to the 
printer is still needed to bring this about for the telemetry 
network. The preparation of several computer programs 
now makes it possible to process, analyze, and display the 
concurrent meteorological data quite rapidly and con-
veniently. 
The initial hydrologic model for simulating water-
shed responses to weather modification activities was 
completed. This type modeling shows great promise in 
being able to interface with atmospheric models, and can 
be used to determine hydrologic responses to weather 
modification activities. 
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